
Europaisches Patentamt 
European Patent Office 
Office europ€en des brevets 





© Publication number: 



0 405 419 A2 



EUROPEAN PATENT APPLICATION 



@ Application number: 90112074.1 
@ Date of filing: 26.06.90 



© int. CI. 5 : H01S 3/103, H04B 10/04 



© Priority: 26.06.89 US 371336 

© Date of publication of application: 
02.01.91 Bulletin 91/01 

© Designated Contracting States: 

AT BE CH DE DK ES FR GB GR IT LI NL SE 



© Applicant: GENERAL INSTRUMENT 
CORPORATION 
767 Fifth Avenue 
New York New York 10153(US) 

© Inventor: Grubb, David III 
56 Peal Drive, Doylestown 
Pennsylvania 18901 (US) 



© Representative: Hoeger, Stellrecht & 
Partnerner 
Uhlandstrasse 14 c 
D-7000 Stuttgart 1 (DE) 



© Self-aligning analog laser transmitter. 



CM 
< 



in 



© Apparatus and a method are provided for align- 
ing an analog laser transmitter. Operational char- 
acteristics of the laser are determined. These char- 
acteristics are used to derive the power level re- 
quired of a communication signal to properly modu- 
late the laser for communication across an optical 
fiber. The magnitude of an input communication 
signal is then adjusted to the derived level, and 
maintained at this level for proper modulation. The 
alignment is performed upon the replacement of 
laser components in the field. The alignment may 
also be periodically effected to compensate for nor- 
mal degradation of laser components over time. 
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SELF-ALIGNING ANALOG LASER TRANSMITTER 



BACKGROUND OF THE INVENTION 

The present invention relates to lasers, and 
more particularly to a laser transmitter for commu- 
nication of signals across a fiber optic network, 5 
such as a cable television network. 

A cable television network is primarily de- 
signed to distribute television signals- from a 
"headend" to the homes of individual subscribers. 
In the past, cable television networks have utilized io 
coaxial cable comprising an inner conductor and a 
conductive outer shield. At the present time, a new 
technology is evolving wherein cable television sig- 
nals are transmitted over fiber optic cables. In fiber 
optic systems, light from a laser is modulated with 75 
a radio frequency (RF) television signal for trans- 
mission across a fiber optic cable. An example of a 
cable television system in which optical fibers con- 
nect the headend to a switching point from which 
the signal is connected to a subscriber's home, is 20 
provided in U.S. Patent 4,621 ,282 to Ahem, entitled 
"Transmitting Stereo Audio Programs in Cable TV 
Systems". In the system of that patent, signals are 
transmitted over the fiber optic cable in digital as 
opposed to analog form. 25 

In implementing a cable television network uti- 
lizing fiber optic technology and laser transmitters, 
replaceable laser modules may be used. If a laser 
module burns out, or otherwise becomes inopera- 
ble, it can be replaced in the field by substituting a 30 
new laser module therefor. A problem arises, how- 
ever, in that different laser modules have different 
characteristics. Alignment of a transmitter in the 
field upon replacement of a laser module can be 
complicated and time consuming. 35 

It would be advantageous to have a laser mod- 
ule that can be replaced in the field, with minimum 
effort, and no need for time consuming alignment 
to compensate for the specific characteristics of 
the new laser module. It wouid be further advanta- ao 
geous to provide a laser transmitter which adjusts 
itself upon the installation of a new laser module, to 
compensate for the characteristics of the module. 

The present invention relates to such a laser 
transmitter and to a method for aligning a laser 45 
transmitter to provide proper modulation of a signal 
for fiber optic communication. 



SUMMARY OF THE INVENTION 50 



In accordance with the present invention, ap- 
paratus is provided for aligning an analog laser 
transmitter to provide proper modulation of a signal 



for fiber optic communication. The laser is modu- 
lated by a communication signal, and means are 
provided for monitoring the magnitude of the com- 
munication signal. Means are coupled to the laser 
for determining operational characteristics thereof. 
The operational characteristics can comprise, for 
example, the slope efficiency of the laser and the 
rated output power of the laser. Such characteris- 
tics might alternately include the input power mag- 
nitude required to operate the laser at 100% modu- 
lation. 

Means are provided for deriving, from the de- 
termined operational characteristics, the level re- 
quired of the communication signal to properly 
modulate the laser for communication across a 
fiber optic cable. Means are provided for adjusting 
the magnitude of the communication signal to said 
level. 

The laser will typically require an input bias 
current to produce an output. Where the oper- 
ational characteristics to be determined include the 
slope efficiency of the laser, the determining 
means can comprise means for measuring the bias 
current U of said laser at one output power level Pi 
and for measuring the bias current b of said laser 
at another output power level P2. Means are pro- 
vided for computing the slope efficiency SE from 
the relationship: 



SE 



P2 - *1 
12 - II 



Where the laser has a rated output power P^ 
and an input impedance R, the deriving means can 
comprise means for calculating the level L required 
of the communication signal to properly modulate 
the laser, for a desired modulation index M f from 
the relationship: 
L = 2* (Pnom/SE) 2 * R * M 2 

In an alternate embodiment, the slope efficien- 
cy can be determined by measuring the power 
levels Pi and P2 instead of the bias currents U and 
l 2 . 

The operational characteristics determined by 
the determining means can, as noted above, al- 
ternately comprise the input power magnitude re- 
quired to operate the laser at 100% modulation. 
This input power magnitude can be determined by 
applying a test tone to modulate the laser. The 
power of the test tone is gradually increased from a 
relatively low power to a higher power. Means are 
provided for monitoring a bias current coupled to 
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the laser during the application of the test tone. 
Means coupled to the monitoring means detect a 
change in the bias current due to over-modulation 
of the laser by the test tone. The test tone power is 
determined when a change in the bias current is 
detected by the detecting means. The magnitude 
of the determined test tone power at this point is 
the input power magnitude required to operate the 
laser at 100% modulation. Means are provided for 
then computing, from this input power magnitude, 
the power level required of the communication sig- 
nal to operate the laser at a desired modulation 
level. A computer processor or other means may 
then adjust the power of the communication signal 
to the required power. 

A laser bias current l b ias (above the threshold 
current l t h), to be applied to the laser when com- 
municating over a fiber optic cable, can be com- 
puted according to the formula: 

Pnom 

x bias = 

SE, 

and applied to the laser during fiber optic commu- 
nication. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a block diagram of analog laser 
transmitter apparatus according to the present 
invention; 

Figure 2 is a schematic diagram of a laser 
module in accordance with the present inven- 
tion; 

Figure 3 is a block diagram of automatic power 
control circuitry which can be used in accor- 
dance with the present invention; 
Figure 4 is a laser diode transfer characteristic 
(L-l curve); 

Figure 5 Is a flowchart depicting alternate rou- 
tines for determining laser operational character- 
istics in accordance with the present invention; 
and 

Figure 6 is a flowchart of another routine for 
determining laser operational characteristics. 

DETAILED DESCRIPTION OF THE INVENTION 



In the laser transmitter apparatus of the present 
invention, laser characteristics are measured and 
• used to determine the level required of an input 
communication signal to properly modulate a laser 
for communication across a fiber optic cable or 



other transmission medium such as a free space 
optical fink. 

Turning to Figure 1, the laser transmitter In a 
preferred embodiment is modulated by an RF input 

5 signal applied to terminal 10. An RF signal distribu- 
tion circuit 12 receives the RF input signal and 
distributes it to one or more laser cards contained 
in a headend apparatus. Each laser card is used to 
transmit the input signal over a separate fiber in a 

10 fiber optic cable. 

A microprocessor 14 is provided to control the 
operation of the laser transmitter(s). Microprocessor 
14 communicates with individual components on 
each laser card via a digital I/O interface 36 pro- 

is vided on each card. 

In the laser card shown in the block diagram of 
Figure 1, an RF level control circuit 16 receives the 
RF input signal from distribution circuitry 12. RF 
level control circuitry 16 can comprise a conven- 

20 tional P-l-N diode attenuator, in which an input 
signal can be variably attenuated by changing the 
current through the P-l-N diode. Other types of 
variable attenuation circuits could alternately be 
used, and such circuits are well known in the art. 

25 Control of the attenuation level is handled by 
microprocessor 14 via digital I/O interface 36. 

A laser protection circuit 18 is provided to 
ensure that the RF input signal is maintained within 
a level that will not destroy the laser. RF level 

30 measurement circuitry 20 operates in conjunction 
with laser protection circuitry 18 in a conventional 
manner. RF level measurement circuitry 20 is also 
used in accordance with the present invention to 
maintain the power level of the RF communication 

35 signal input to the laser at a magnitude required to 
properly modulate the laser for communication 
across an optical fiber. 

The communication signal is coupled from la- 
ser protection circuitry 18 to laser module 22, 

40 which contains the laser. The laser output is coup- 
led to an optical fiber 24, in a conventional manner. 
Laser module 22 is described in more detail below, 
in connection with Figure 2. 

The operation of laser module 22 is controlled 

45 by microprocessor 14 via digital-to-analog convert- 
er 30 and automatic power control ("APC") loop 
26. Analog switch 32 reads analog signal levels 
output from RF level measurement circuitry 20 and 
APC loop 26. as well as a thermoelectric cooler 

so ("TEC") control circuit 28. TEC control circuit 28 is 
conventional, and controls a thermoelectric cooler 
to cool the laser in a well known fashion. 

The inputs to analog switch 32 are digitized by 
analog-to-digital converter 34, and coupled to 

55 microprocessor 14 via digital I/O interface 36. 

Turning now to Figure 2, the laser module 22 is 
shown in greater detail in schematic diagram form. 
The RF communication signal from laser protection 
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circuit 18 is input on RF input line 38. A matching 
resistor 40 combined with the laser impedance 
produces the laser module input impedance R. A 
capacitor 42 filters any DC component from the RF 
input signal, and a choke 46 blocks the RF signal 
from feeding back into the APC circuitry that pro- 
vides the laser input bias current lbias- A laser 
package 50 contains laser diode 48 and a monitor 
photodiode 52 in a conventional manner. Monitor 
photodiode 52 is used in conjunction with oper- 
ational amplifier 54 and variable calibration resistor 
56 to provide a power monitor, producing an ana- 
log signal P ou i on line 68 that is indicative of the 
power output by laser diode 48. 

A plurality of terminals 53, 55, 57 is provided to 
encode, in a form that can be read by micropro- 
cessor 14, the rated output power P n0 m of the laser 
module. One or more of terminals 53, 55, 57 can 
be grounded, as indicated at 59, to provide the 
digital encoding. Alternately, a programmable read 
only memory ("PROM") or similar device can be 
used for the digital encoding. A typical rated output 
power for a laser of the type used in connection 
with the present invention may be on the order of 
two milliwatts. 

In operation, a laser module may eventually 
bum out and need to be replaced. The present 
invention automatically aligns the laser transmitter 
when a laser module Is replaced, to adjust to the 
characteristics of the new laser module. Micropro- 
cessor 14 measures characteristics of the installed 
laser module, and determines the proper analog 
signal level required at input 38 of the laser module 
22 from the measured characteristics. The actual 
analog signal level input to the laser module is then 
measured and adjusted to the calculated level. 

Operational characteristics of the laser module 
include the rated output power P nom . the threshold 
current l th , and the slope efficiency. The threshold 
current is the current where the device begins to 
lase. Figure 4 illustrates the transfer characteristic, 
generally designated 80, for laser diode 48. The 
laser output power is plotted on axis 88 and the 
bias current applied to the laser diode is plotted on 
axis 86. As shown, the laser diode has no meaning- 
ful output until it reaches the threshold current l t h. 
at which point the output power increases along 
slope 84 as the bias current is increased. 

Slope efficiency SE is a measure of how much 
the laser's output power changes for a given 
change in drive current. Both the threshold current 
and the slope efficiency vary from device to de- 
vice, and these operational characteristics are dif- 
ferent for every laser module. Further, these oper- 
ational characteristics may also change over the 
life of the laser module. Accordingly, these param- 
eters have to be determined for each laser module 
so that the optimum analog drive level of a com- 



munication signal used to modulate the laser can 
be determined. 

in order to determine the slope efficiency of a 
laser module in accordance with one embodiment 

6 of the present invention, microprocessor 14 locates 
two points on the laser diode transfer characteristic 
("L-l curve") 84. The laser diode's bias current is 
supplied by the automatic power control circuitry 
26 of Figure 1. This circuitry is shown in greater 

70 detail in Figure 3. The laser output power P oul on 
line 68 is input to the negative terminal of error 
amplifier 60. A reference voltage P refp received 
from microprocessor 14 on line 62 via D/A con- 
verter 30, is applied to the positive terminal of error 

15 amplifier 60. If the power reference P re i and the 
laser output power P out are at different voltages, 
the difference is amplified in error amplifier 60 and 
passed to loop filter and integrator 64, where the 
error signal is filtered and integrated. This causes 

20 the output of the integrator, which is input to 
voltage-to-current converter 66, to change. As a 
result, the laser bias current l b i as output on line 70 
to the laser module changes to ultimately reduce 
the difference between P oul and P re t to nearly zero. 

25 ThuSi the automatic power control circuitry controls 
the bias current to the laser diode in order to 
maintain a constant output power equal to the 
power level reference. 

Microprocessor 14 determines the laser bias 

30 current lbias by controlling the analog switch 32 and 
A/D converter 34 to read the bias current from a 
monitor point (i.e., line 70) in the APC loop 26. To 
determine the slope efficiency, the microprocessor 
sets the power level reference P re f to one level Pi , 

35 and measures the laser bias current U at that point, 
as shown in Figure 4. Microprocessor 1 4 then sets 
Pret to a second level P2 and measures the laser 
bias current I2 at that point. Then, microprocessor 
14 calculates the slope efficiency according to the 

40 formula: 

P 2 " Pi 
SE = 

45 I 2 - *1 

The nominal laser bias current l b ias Is also 
calculated by the microprocessor directly from the 
formula: 

50 

p nom 

lbias ~ 



As noted above, P n0 m can be read from encoded 
terminals on the laser module, or can be pro- 



7 



EP 0 405 419 A2 



8 



grammed into microprocessor 14 either when the 
laser transmitter is manufactured (if the rated out- 
put power of the laser module will never be 
changed) or by a field technician. It is pointed out 
that the method used to calculate the slope effi- 
ciency obviates the need for the microprocessor to 
determine the value of the laser threshold current 

'th- 

The communication signal input to the laser 
module on line 38 modulates the laser output pow- 
er by varying the instantaneous laser bias current. 
The peak modulation current required is a function 
of the laser's nominal output power P n om. the slope 
efficiency, and the desired total RMS modulation 
index M. The optimum value of M is determined by 
the particular application for the transmitter. In a 40 
channel AM transmission system, for example, the 
value of M is roughly 0.3 to 0.35. This value will be 
programmed into microprocessor 14, or can be 
read from encoded terminals in a manner similar to 
that described in connection with P n0 m and termi- 
nals 53. 55, and 57 above. A discussion of the 
modulation index parameter in connection with fi- 
ber optic communication systems is provided in 
the article "AM Fiber-Optic Trunks" by David 
Grubb III, Communications Technology , October, 
1988, and in the paper entitled "AM Fiber Optic 
Trunks: A Noise and Distortion Analysis", Grubb 
and Trisno, 1989 NCTA Technical Papers . 

The RF input power level L that is required to 
produce the desired modulation depth for the laser 
transmitter is calculated by microprocessor 14 ac- 
cording to the relationship: 

L = i Obia*) 2 * FT M 2 

This relationship may, of course, also be expressed 
by substituting for \ bias as follows: 
L = J * Pnom/SE) 2 • R * M 2 

Once the correct analog signal level L has 
been determined, microprocessor 14 reads the ac- 
tual magnitude of a communication signal input to 
the laser module via RF level measurement cir- 
cuitry 20, analog switch 32, and A/D converter 34. 
Then, the communication signal magnitude is ad- 
justed by microprocessor 14 via RF level control 
16 to provide the correct RF signal level L for 
communication across an optical fiber. 

Figure 5 is a flow chart illustrating the deter- 
mination by microprocessor 14 of the RF input 
power level required to properly modulate the laser 
transmitter. The routine begins at box 100, and at 
box 102 microprocessor 14 reads the rated output 
power P nom of the laser module. As noted above, 
the value of P no m can be encoded on pins phys- 
ically located on the laser module, or could al- 
ternately be stored in memory associated with 
microprocessor 14. 

At box 104, microprocessor 14 begins to moni- 
tor the actual laser output power from the output 



power monitor circuit of the laser module. As noted 
above, the output power is output on line 68, and 
read by the microprocessor via A/D converter 34 
and analog switch 32, which receives the power 

5 signal from APC loop 26. 

At box 106, microprocessor 14 sets an initial 
power level reference Pi. This signal is applied to 
the error amplifier 60 of APC loop 26 via line 62. 
The signal on line 62 is an analog signal, which has 

io been converted from the digital signal output from 
microprocessor 14 by digital-to-analog converter 
30. 

At box 108, a determination is made as to 
whether the power level reference Pi has been 

75 reached by the laser module. If not, a loop contin- 
ues until the laser output power on line 68 equals 
the power level reference established by micropro- 
cessor 14. Once this occurs, control passes from 
box 108 to box 110 and microprocessor 14 mea- 

20 sures and stores the value of the bias current h 
input to the laser module on line 70. Then, at box 
112, a second power level reference P2 is set by 
microprocessor 14. At box 114 a determination is 
made as to whether power level reference P2 has 

25 been reached, and when it has, control passes to 
box 116 where microprocessor 14 measures and 
stores the bias current input I2 required for power 
level P 2 . 

At box 118, microprocessor 14 uses the values 

30 of Pi, P2 and h, and I2 to compute the slope 
efficiency of the laser module. Then, at box 120 
microprocessor 14 computes the value of l^as. 
which is the bias current above the threshold cur- 
rent that must be applied to the laser for proper 

35 operation. 

At box 122, microprocessor 14 obtains the 
modulation index M and the laser input impedance 
R. These values are stored in memory, and en- 
tered by the system designer when the laser sys- 

40 tern is manufactured. Alternately, these values can 
be entered into memory by a field technician who 
replaces a laser module. As noted above, these 
values could also be encoded in the laser module 
itself, in a similar fashion to the encoding provided 

45 for the laser rated output power P nom described 
above. 

At box 124, microprocessor 14 computes the 
value of the RF input power level required for 
proper modulation of the laser for communication 

so across an optical fiber. The computation uses the 
operational characteristics determined by the 
microprocessor in the preceding steps. The com- 
puted value is stored in memory for subsequent 
use by the microprocessor, in conjunction with RF 

55 level control 16, RF level measurement circuitry 20, 
and APC loop 26, in maintaining the input power 
level at the computed value. At box 126, the rou- 
tine ends. 
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An alternate embodiment of the routine just 
described is illustrated by the broken-lined boxes 
132 to 146 in Rgure 5. Instead of setting a power 
level reference and measuring the corresponding 
bias current, microprocessor 14 can set a bias 
current reference and measure the corresponding 
output power. Thus, at box 132 microprocessor 14 
monitors the laser bias current. At box 134, the 
threshold current U is determined, e.g., by in- 
crementally stepping the current applied to the 
laser diode from zero up to a point at which a 
meaningful rise in laser output power Is detected. 
The current at this point is the threshold current, as 
is evident from the transfer characteristic of Rgure 
4. At box 136, a bias reference U (above l lh ) is set, 
and a determination is made at box 1 38 as to when 
this current is reached. At that point, the resultant 
power Pi is measured and stored as indicated at 
box 140. A bias reference b (also greater than l th ) 
is set at box 142. At box 144, a determination is 
made as to when the bias current reaches the 
reference value I2, at which point control passes to 
box 146 where the corresponding output power P2 
is measured and stored. The subsequent computa- 
tion of slope efficiency, Ibias. and the required RF 
input power level proceeds as before. 

Rgure 6 is a flowchart illustrating a different 
technique for computing the required RF input 
power level for proper modulation of the laser. The 
routine begins at box 200, and at box 202 micro- 
processor 14 commences measurement of the Ibias 
input to the laser module, on line 70. At box 204, a 
test tone (e.g., a 10 MHz sine wave) is applied to 
the RF input of the laser module on line 38. The 
test tone can be generated by a conventional os- 
cillator circuit which is provided as part of the laser 
card or elsewhere within the transmitter. 

While the test tone is applied, microprocessor 
1 4 looks for a change in the magnitude of the bias 
input current I bias- This is indicated at box 206. If no 
change is detected, the test tone power is in- 
creased at box 208 by a predetermined increment. 
Control then loops back to box 206, and the test 
tone power continues to be increased until a 
change in the bias current is detected. At this 
point, control passes to box 210 where the mag- 
nitude of the test tone power is measured. The test 
tone power at this point is approximately the power 
required to operate the laser at 1 00 percent modu- 
lation. I b !as changes at the point of overmodulation 
due to the onset of distortion in the modulated 
signal. In particular, at the point of overmodulation, 
the APC loop detects an instantaneous increase in 
Pout caused by the distortion, and tries to com- 
pensate by changing l b ias. 

At box 212, the RF input power level required 
for a desired modulation is computed by scaling 
the measured test tone power which is indicative of 



100 percent modulation. This may be accom- 
plished by using the relationship: 
L = Pioo% * M 2 

where L is the required input power level, Pi 0 o% is 

5 the measured test tone power indicative of 100% 
modulation, and M is the modulation index. The 
computed value is stored, and subsequently used 
by microprocessor 14 in maintaining the RF input 
power level at the computed value. At box 214, the 

70 routine ends. 

The alignment of a laser transmitter in accor- 
dance with the present invention can be triggered 
by a switch that is manually actuated by a techni- 
cian when a laser module is replaced. This switch 

75 .can also be actuated periodically to enable the 
transmitter to compensate for degradation of a la- 
ser module's operating characteristics in the nor- 
mal course of operation. Alternately, a "cheater" 
switch can be provided which is actuated upon 

20 removal and reinstallation of a cover for the laser 
transmitter. In yet another embodiment, micropro- 
cessor 14 can be programmed to periodically im- 
plement the alignment routine on a timed basis. 
It will now be appreciated that the present 

25 invention provides a method and apparatus for the 
self-alignment of an analog laser transmitter. Oper- 
ational characteristics of the laser are determined, 
and used to derive the magnitude of power re- 
quired for an input communication signal to prop- 

30 erly modulate a laser for communication along a 
fiber optic network. Once this power level has been 
computed, the power of an actual communication 
signal applied to the laser transmitter is maintained 
at this level. 

35 Although the present invention has been de- 

scribed in connection with several preferred em- 
bodiments, those skilled in the art will appreciate 
that numerous adaptations and modifications may 
be made thereto without departing from the spirit 

40 and scope of the invention, as set forth in the 
following claims. 



Claims 

45 

1 . Apparatus for aligning an analog laser transmitter 
to provide proper modulation of a signal for fiber 
optic communication, comprising: 
a lasen 

50 means for monitoring the magnitude of a commu- 
nication signal coupled to modulate said laser; 
means coupled to said laser for determining oper- 
ational characteristics thereof; 
means for deriving, from the determined operation- 

55 al characteristics, the level required of said com- 
munication signal to properly modulate said laser 
for communication across an optical fiber; and 
means for adjusting the magnitude of said commu- 
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nication signal to said level. 

2. The apparatus of claim 1 wherein said oper- 
ational characteristics comprise the slope efficiency 
of the laser. 

3. The apparatus of claim 1 or 2 wherein said 
operational characteristics comprise the rated out- 
put power of said laser. 

4. The apparatus of claim 2 or 3 wherein said laser 
requires an input bias current to produce an output, 
and said determining means comprises: 

means for measuring the bias current h of said 
laser at one output power level Pi and for measur- 
ing the bias current l 2 of said laser at another 
output power level P2; and 

means for computing the slope efficiency SE from 
the relationship: 

P 2 - Pi 

SE « 

I 2 - II • 

5. The apparatus of claim 4 wherein said laser has 
a rated output power P nom and an input impedance 
R, and wherein said deriving means comprises: 
means for calculating said level L for a desired 
modulation index M from the relationship: 

L = 2 * (Pn 0m /SE) 2 " R * M 2 

6. The apparatus according to one of claims 2 to 5 
wherein said laser requires an input bias current to 
produce an output, and said determining means 
comprises: 

means for measuring an output power level Pi of 
said laser at one bias current h and for measuring 
an output power level P2 of said laser at another 
bias current la; and 

means for computing the slope efficiency SE from 
the relationship: 



P2 - p l 
SE - 

12 - *1 ' 

7. The apparatus according to one of claims 1 to 6 
wherein said operational characteristics comprise 
the input power magnitude required to operate said 
laser at 100% modulation. 

8. The apparatus according to one of claims 1 to 7 
wherein said determining means comprises: 
means for applying a test tone to modulate said 
laser; 

means for gradually increasing the power of said 
test tone from a relatively low power to a higher 
power; 

means for monitoring a bias current coupled to 



said laser during the application of said test tone to 
the laser; 

means coupled to said monitoring means for de- 
tecting a change in said bias current due to over- 
5 modulation of said laser by the test tone; and 

means for determining the test tone power when 
said detecting means detects a change in said bias 
current; 

wherein the magnitude of the determined test tone 
70 power is approximately the input power magnitude 
required to operate said laser at 100% modulation. 

9. The apparatus according to one of claims 7 or 8 
wherein said deriving means comprises: 

means for computing, from said input power mag- 
T5 nitude. the power level required of said commu- 
nication signal to operate said laser at a desired 
modulation level. 

10. A self aligning analog laser transmitter compris- 
ing: 

20 a computer processor; 

an input terminal for receiving a communication 
signal; 

a laser module having an input coupled to receive 
said communication signal and an output for trans- 

25 mitting a laser signal modulated by said commu- 
nication signal over an optical fiber; 
means operatively associated with said computer 
processor for determining operational characteris- 
tics of said laser module; 

30 means operatively associated with said computer 
processor for deriving, on the basis of said char- 
acteristics, the power required of said communica- 
tion signal to modulate said laser at a desired level; 
and 

35 means responsive to said computer processor for 
adjusting the power of said communication signal 
to said required power. 

11. The laser transmitter of claim 10 further com- 
prising: 

40 means for applying an input bias current to said 
laser module to cause said laser module to pro- 
duce a laser output; and 

means for measuring the power of said laser out- 
put; 

45 wherein said determining means obtains a set of 
bias current and output power characteristics for 
said laser module, said set including a bias current 
li, that produces an output power Pi, and a bias 
current I2 that produces an output power P 2 , to 

50 determine the slope efficiency SE of said laser 
module according to the relationship: 

P 2 - Pi 

55 SE = — 

12 - 11 ■ 
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12. The laser transmitter of claim 11 wherein said 
laser module has a rated output power P nom and an 
input impedance R, and said deriving means de- 
rives the required power L for a desired modulation 
index M from the relationship: 

L = J ' (P„om/SE) 2 * R * M 2 

13. The laser transmitter of claim 12 further com- 
prising: 

means for computing a nominal laser bias current 
to be applied to said laser module when commu- 
nicating over an optical fiber; and 
means for applying the computed current to the 
laser module during a fiber optic communication. 

14. The laser transmitter of claim 13 wherein said 
nominal laser bias current Ibias 's computed accord- 
ing to the formula: 



Pnoio 



15. The laser transmitter according to one of claims 
10 to 14 further comprising: 

means for applying an input bias current to said 
laser module to cause said laser to produce a laser 
output; and 

wherein said determining means comprises: 
means for applying a test tone to said input termi- 
nal; 

means for gradually increasing the power of said 
test tone from a relatively low power to a higher 
power; 

means for monitoring said input bias current during 
the application of said test tone to the input termi- 
nal; 

means coupled to said monitoring means for de- 
tecting a change in said bias current due to over- 
modulation of said laser by the test tone; and 
means for determining the test tone power when 
said detecting means detects a change in said bias 
current; 

wherein the magnitude of the determined test tone 
power is an operational characteristic indicative x>f 
the power required to operate said laser module at 
100% modulation, and is used by said deriving 
means to derive the power required of said com- 
munication signal. 

1 6. A method for aligning an analog laser transmit- 
ter to provide proper modulation of a signal for 
fiber optic communication comprising the steps of: 
determining operational characteristics of a laser; 
deriving from said operational characteristics a 
power level required of a communication signal to 
properly modulate said laser for communication 
across an optical fiber; 

monitoring the magnitude of a communication sig- 
nal coupled to modulate said laser; and 
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adjusting the magnitude of said communication sig- 
nal to the derived power level. 

17. The method of claim 16 wherein the slope 
efficiency SE of said laser is determined at said 
determining step, and said power level L is cal- 
culated at said deriving step in accordance with the 
relationship: 

L = { * (Pnom/SE) 2 * R * M 2 

where P no m is the rated output power of said laser, 
R is the input impedance of said laser, and M is a 
desired modulation index. 

18. The method of claim 16 or 17 wherein the 
magnitude of a communication signal required to 
operate said laser at 100% modulation is deter- 
mined at said determining step, and the power 
level derived at said deriving step is computed 
from said determined magnitude. 

19. The method according to one of claims 16 to 
18 comprising the further steps of: 

computing a nominal laser bias current to be ap- 
plied to said laser during a communication across 
an optical fiber; and 

applying said current to said laser during a fiber 
optic communication to cause the laser to produce 
a laser output. 
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